Abstract-We propose and demonstrate the concept of an ener gy -harvestin g clear g lass panel based on the use of all inor g anic luminophores embedded into a lamination la y er in conjunction with low-emissivity coatin g s and CIS solar cells.
glass windows that are currently used inside buildings worldwide offer heat insulation, energy savings, and ultraviolet (UV) protection. In hot climates, cooling-related energy savings can be achieved in buildings employing low-e glass window panels that cover vast areas of walls and roofs, thus achieving significant economic benefits. More effective energy saving can be achieved by using window glazings in city buildings of tomorrow that offer a combination of properties, making it both energy-preserving (due to the blocking of infrared-range transparency) and also energy generating (by efficiently convert the invisible solar energy into electricity). Future energy-efficient buildings will be 978-1-4799-6940-1/14/$31.00 ©2014 IEEE either fully grid-independent, or possessing significant autonomous energy-generation capabilities. As modern city buildings typically have large window areas and small roof surface areas, the maximum power output that can be generated through conventional roof-mounted solar panels is limited, in comparison with the power that can be generated from solar windows. Sunlight contains a strong IR radiation flux, and by using high efficiency PV solar cells, energy harvesting windows could generate considerable electricity.
New energy harvesting clear glass windows are therefore key elements of BIPV systems, which address the future goal of achieving net zero energy consumption in buildings.
Luminescent Solar concentrator (LSC) [4] [5] [6] is currently considered as a potential BIPV technology [4] , even though attaining high transparency as well as high-efficiency remains challenging due to the limited availability of efficient IR luminophores. Organic-dyes-based LSCs have been used to absorb sunlight and re-emit it at a wavelength band at which solar cell efficiency is maximal [5] [6] [7] [8] . However, for such LSCs, the overlap of absorption and emission of the organic dyes lowers the waveguiding capabilities of the concentrator, thus reducing its stability [6] . In addition, all reported LSC structures reported to date have the following major limitations [9, 10] :
• limited concentrator-area due to photon re-absorption within the light-guiding structure;
• low conversion efficiency, due to the unavailability of materials possessing efficient IR-excitable luminescence [10] .
In this paper, we report practical transparent BIPV "solar 
II.A. LOW-EMISSIVITY THIN FILM COATINGS
The thin film interference-coating, shown in Fig. 1 , was especially designed, using OptiLayer software package. It employed two metal layers and 5 dielectric layers which were developed using an e-beamlthermal evaporation system. Fig.   2 shows the modelled and measured transmission and retlection spectra of the metal/dielectric low-e thin film. The heat-mirror-film design of Fig. 2 was adjusted in terms of materials selection and number of layers deposited to ensure coating durability. Multiple coatings of this type were deposited onto 100xl00x6mm 3 low-iron (Starphire UltraClear) glass substrates following the methods described in [11] . The thicknesses of all deposited thin film layers were measured in situ in real-time during deposition, using a custom-made laser retlectometer in conjunction with a quartz crystal microbalance pre-calibrated by the retlectometer [12] .
Following this, a 10 mm glass pane was cleaned and used as a cover plate for a functionalized lamination interlayer.
II.B. FUNCTlONALllED LUMINESCENT INTERLA YERS
To improve the efficiency of light collection within the light trapping glass structures while maintaining a transparent all inorganic solar concentrator, we embedded inorganic luminophore mixes into a transparent lamination layer. Four different all-inorganic luminophore powder types (described in Table 1) were fmely grounded and different concentrations were used to investigate the optimum mix and powder concentrations that maximize the generated electricity while maintaining an adequate transparency (�70%). 
Partial concentrations of luminophores (measured in wt%)
were selected carefully in order to maintain the balance haziness of the samples, high transparency, and increasing scattering for efficient light routing to the glass panel edges.
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II.c POWDER MIX OPTIMIZATION
Several energy harvesting clear glass samples were assembled with vanous luminophore compositions, concentrations and thicknesses. We particularly designed the concentrator and interlayer characterization experiments to determine the maximum energy conversion and best routing capability. The generated electrical power levels for all samples were measured by illuminating the glass with a normally-incident, 2-inch collimated (and also diffused) solar simulator beam spectrally equivalent to AM1.5G irradiation, as shown in Fig. 5(a) . A reference powder-free sample was also developed to benchmark the performances of all other samples.
To characterize the relative flux-deflection capability, we defined the "Area Collection Gain" (ACG)
parameter as follows:
which evaluates the normalized difference between the measured electric output of the investigated sample and the powder-free reference sample. ACKNOWLEDGMENT
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